Abstract: A comparison of the effects of exogenous shocks to global crude oil production on seven major industrialized economies suggests a fair degree of similarity in the real growth responses. An exogenous oil supply disruption typically causes a temporary reduction in real GDP growth that is concentrated in the second year after the shock. Inflation responses are more varied. The median CPI inflation response peaks after three to four quarters. Exogenous oil supply disruptions need not generate sustained inflation or stagflation. Typical responses include a fall in the real wage, higher short-term interest rates and a depreciating currency with respect to the dollar. Despite many qualitative similarities, there is strong statistical evidence that the responses to exogenous oil supply disruptions differ across G7 countries. For suitable subsets of countries, homogeneity cannot be ruled out. A counterfactual historical exercise suggests that the evolution of CPI inflation in the G7 countries would have been similar overall to the actual path even in the absence of exogenous shocks to oil production, consistent with a monetary explanation of the inflation of the 1970s. There is no evidence that the 1973/74 and 2002/03 oil supply shocks had a substantial impact on real growth in any G7 country, whereas the 1978/79, 1980, and 1990/91 shocks contributed to lower growth in at least some G7 countries.
Introduction
There is a large empirical literature on the effects of exogenous variation in the supply of crude oil on macroeconomic and industry aggregates in oil-importing countries.
1 Much of that literature has focused on the United States. The experience of other countries has remained understudied, notwithstanding some notable early exceptions such as Bohi (1989) who informally compared the inflation and real output experiences of Japan, Germany, the United Kingdom and the United States during the oil supply shocks of the 1970s. More recent examples of international comparisons of the effects of exogenous oil supply shocks include Mork et al. (1994) and Jiménez-Rodríguez and Sánchez (2005) . In this paper I focus on the set of G7 countries comprised of the United States, Canada, Japan, France, Germany, Italy and the United Kingdom. The objective of the paper is to assess systematically the differences as well as similarities in the response of the G7 economies to exogenous oil supply shocks. For example, are there common patterns in the response of macroeconomic aggregates to exogenous oil supply disruptions? Which G7 economies have proved most resilient to exogenous oil supply shocks and which have been affected the most? Are these differences associated with different interest rate, real wage or exchange rate responses to these shocks? Are there systematic differences between G7 countries that produce oil and those that do not? Are there systematic differences between European and non-European G7 countries?
The analysis in this paper departs from the existing literature along several dimensions.
First, the paper exploits recent methodological advances in measuring oil supply shocks that are exogenous with respect to global macroeconomic conditions. Specifically, I utilize a direct measure of these exogenous oil supply shocks proposed by Kilian (2005) rather than measures based on oil prices. Second, my analysis is based on a recently proposed approach to quantifying the dynamic effects of exogenous oil supply shocks that avoids some of the conceptual and econometric difficulties with earlier analyses. Third, whereas much of the existing literature has focused on the effects of exogenous oil supply shocks on real output, I put equal emphasis on the responses of output and inflation, with special emphasis on quantifying possible stagflationary effects of oil supply shocks. My analysis also distinguishes between consumer prices and the implicit GDP deflator. In addition, I study the effects on other key macroeconomic variables such as short-term interest rates, real wages and exchange rates, in an effort to shed light on the transmission of exogenous oil supply shocks. Finally, my data set extends to 2004.III and thus includes additional exogenous oil supply disruptions not covered by previous studies.
The regression analysis in this paper is designed to shed light on the dynamic effects of exogenous oil supply shocks on output, inflation and other macroeconomic aggregates in the G7
countries. In addition to conducting impulse response analysis, I use counterfactual simulations to assess how output and inflation would have evolved in these countries in the absence of exogenous oil supply shocks. The answer to these questions is relevant both for our responses. The evidence suggests that an exogenous oil supply disruption causes a temporary reduction in real GDP growth that is concentrated in quarters 4 through 8 after the shock. CPI inflation responses appear more varied. The median CPI inflation response peaks three to four quarters after the shock. Exogenous oil supply disruptions do not necessarily generate sustained CPI inflation. As measured by real GDP and CPI data, with the exception of Germany, there is no statistically significant evidence that exogenous oil supply disruptions historically have caused stagflation. This result contradicts the popular notion that exogenous oil production shortfalls are by necessity stagflationary.
2 See Barsky and Kilian (2004) for a review of the channels by which oil supply shocks may affect real GDP and inflation.
Despite qualitative similarities, there is strong statistical evidence that the responses to exogenous oil supply disruptions differ across G7 countries. For suitable subsets of G7 countries homogeneity cannot be ruled out. As measured by cumulative inflation and real growth responses, some countries fared well when faced with exogenous oil supply disruptions, whereas others did not. Only for Germany is there a statistically significant increase in the CPI level in response after three years, and only for the U.K. and for Canada is there a statistically significant reduction in the level of real GDP at the 5% level. In most countries exogenous oil supply disruptions cause at least a temporary decline in real wages, a depreciation of the local currency against the dollar and a rise in short-term interest rates. There is no evidence that differences in these responses alone can explain the differences across countries in the inflation and output responses, although the results for Japan point to an important role for the interest rate response.
A counterfactual historical exercise reveals that the evolution of CPI inflation (and to a lesser extent of real GDP growth) in the G7 countries would have been quite similar overall to the actual path even in the absence of exogenous shocks to oil production. There are some differences, however, when it comes to interpreting specific historical episodes. For example, in all G7 countries the 1990/91 oil supply shock caused by the Persian Gulf War contributed to somewhat reduced real growth, albeit with a considerable delay. The oil shocks of 1978/79 and 1980 also left a mark in the data of some G7 countries. In contrast, the 1973/74 oil supply shock had hardly any impact on G7 real growth. Similarly, the effect of the 2002/03 oil supply shocks was negligible for all G7 countries.
The remainder of the paper is organized as follows: Section 2 reviews recent methodological advances in assessing the effects of exogenous oil supply shocks and describes and motivates the regression approach taken in this paper. In section 3, I describe the data used in the regression analysis, including the measure of exogenous oil supply shocks, and formally test some of the restrictions imposed on the baseline model. Section 4 contains the inflation and real GDP response estimates obtained from the baseline regression model. I also quantify the stagflationary effects of exogenous oil supply disruptions. In section 5, I explore an alternative less restrictive regression approach, compare the estimated responses to the baseline results, and provide statistical evidence in favor of the baseline model. Section 6 assesses the cumulative effects of exogenous oil supply shock on each country's real growth and CPI inflation rate for each of the major exogenous oil supply shock episodes since 1971. Section 7 extends the analysis to include responses for real wages, short-term interest rates, nominal dollar exchange rates, and the implicit GDP deflator. Section 8 assesses the similarities and differences of the response patterns in the G7 countries. Section 9 addresses some limitations of the analysis in this paper.
Alternative Approaches to Identifying the Effects of Exogenous Oil Supply Disruptions

Oil-Price Based Measures of Exogenous Oil Supply Disruptions
A common feature of all methodologies designed to learn about the dynamic effects of exogenous oil supply shocks is that they involve a projection of macroeconomic aggregates on some measure of the exogenous oil supply shock. Early studies sometimes treated the price of oil (or positive changes in that price) as the measure of the exogenous oil supply disruption. It is widely understood today that at least since 1973 the price of oil has been endogenous to global macroeconomic conditions and cannot be treated as exogenous (see Rotemberg and Woodford 1996; Barsky and Kilian 2002, 2004; Hamilton 2003) .
Some studies have noted that at least the major oil price fluctuations in the 1970s and 1980s were arguably driven by exogenous political events in the Middle East (see, e.g., Shapiro and Watson 1988) . This insight was subsequently formalized by Hamilton (1996 Hamilton ( , 2003 , who proposed a statistical measure of the net oil price increase relative to the recent past designed to capture those major oil price increases presumably caused by exogenous political events. That measure also produces a time series very similar to fitted values from more sophisticated nonlinear models of the oil price (see, e.g., Ratti 1995, Hamilton 2003) .
Such measures are problematic, however. Although three of the largest oil price increases since the early 1970s occurred near periods of large exogenous shocks to oil production, not all exogenous oil supply shocks have been associated with net oil price increases. For example, the 2002/03 twin shocks associated with civil unrest in Venezuela and the Iraq War were not associated with a net oil price increase in real terms. In addition, it is known that net oil price increases may arise even in the absence of exogenous political events in the Middle East as a result of strong demand for industrial commodities at large. Thus, net oil price increases are not an appropriate measure of exogenous oil supply shocks (see Kilian 2005) .
The same reasoning casts doubt on the view that the innovations to the oil price series (or for that matter the innovations to the net oil price increase) can be treated as exogenous with respect to global macroeconomic conditions. In particular, there is no reason to believe that oil price innovations in vector autoregressive models can be treated as exogenous oil supply shocks, since shifts in demand may cause industrial commodity prices to rise rapidly even at the quarterly or monthly frequency.
Oil-Production Based Measures of Exogenous Oil Supply Disruptions
A different strand of the literature has instead used as identifying information the observable changes in the production levels of oil-producing countries that are subject to exogenous political shocks. For example, Hamilton (2003) proposes to use the drop in observable oil production following an exogenous event as a measure of the magnitude of the exogenous shock to the supply of oil. directly involved in the event in question. Given the starting date of the event, he uses the level of oil production in the month prior to this date as a benchmark. He then compares that level to the level of production at some subsequent date. The difference in physical production levels over the period in question is expressed as a share of the average world oil production in the year, in which the exogenous event started (see Hamilton 2003, p. 390) . The resulting "production shortfall" is treated as a measure of the magnitude of the shock that occurred in the first quarter of the exogenous event. This approach is in essence a quantitative version of the dummy variable approach used by Hoover and Perez (1994) to model oil supply shocks.
An alternative measure of exogenous oil supply shocks proposed by Kilian (2005) is based on crude oil production data for OPEC countries and non-OPEC countries that are available from the U.S. Department of Energy. This measure is based on the observation that any attempt to identify the timing and magnitude of exogenous production shortfalls requires explicit assumptions about the counterfactual path of crude oil production in the absence of the exogenous event. Using suitable assumptions about the counterfactual path of oil production based on the evolution of oil production in other oil-producing countries, the exogenous production shortfall is constructed as the difference between the actual path of crude oil production and the counterfactual path. The change over time in this exogenous production shortfall series (aggregated across OPEC countries and expressed as a percent share of world oil production) provides a natural measure of the exogenous oil supply shock.
This alternative method of quantifying exogenous production shortfalls has five distinct advantages compared to the conventional approach based on quantitative dummy variables: (1) It does not impose the assumption that the level of oil production would never have changed in the absence of the exogenous political event.
(2) It allows the response of oil production to the exogenous event to be immediate or delayed. (3) It allows the response to be long-lasting. (4) It allows the response to be time-varying. (5) It allows the response to an exogenous political event to be negative or positive, possibly changing sign over time.
The analysis in this paper will utilize the baseline time series of exogenous oil supply shocks developed in Kilian (2005) . A more detailed description of the derivation of this series is provided in section 3.1. For a comparison of the implications of this measure to the quantitative dummy approach the reader is referred to this earlier paper. The main findings reported in the empirical sections below are robust to the alterations in the baseline counterfactual discussed in Kilian (2005) .
Inference based on Production Based Measures of Exogenous Oil Supply Disruptions
Given a production-based measure of the exogenous oil supply shock, there are two alternative approaches to quantifying the dynamic effects of exogenous fluctuations in oil production on macroeconomic aggregates. The first approach due to Hamilton (2003) is to use lags of the exogenous oil supply shock as identifying instruments in regressions that relate the macroeconomic aggregate of interest to past oil price changes and past values of the macroeconomic aggregates. While this approach is quite appealing, Kilian (2005) documents that such instrumental variable regressions in practice tend to suffer from a weak instrument problem that renders point estimates unreliable and standard inference misleading (see Stock, Wright and Yogo 2002) . In response to this problem, Kilian (2005) proposed an alternative regression approach that will form the basis of the analysis in this paper. The estimated responses provide a measure of the expected response of macroeconomic aggregates to exogenous oil production shortfalls based on historical data. They represent consistent estimates of the causal effects of a unit change in the exogenous oil supply shock measure. It is important to keep in mind that these impulse response estimates are reduced-form in that they will capture the average effect of country-specific endogenous policy responses and other propagation mechanisms that prevailed at the time of the exogenous oil supply shocks. In this sense, the estimated responses do not reflect inevitable facts, but empirical regularities. They are designed to quantify the historical tendency of the G7 economies to perform poorly as a consequence of exogenous oil supply disruptions. (1) and (2) are relatively parsimonious, facilitating their estimation on short samples.
The regression models (1) and (2) will be used as the baseline model for this paper.
Statistical evidence in support of this model can be found in section 3.3. In section 5, an alternative, less restrictive regression model will be explored and compared with the baseline model. Table 1 lists the major political events that for the purpose of this study will be considered exogenous with respect to inflation and real output growth in the G7 countries. Barsky and Kilian (2002) observe that there is reason to be skeptical about the exogeneity of the 1973/74 oil embargo decision (see Hamilton (2003) for a different view). Here I will follow the convention in the literature in treating this event as exogenous.
Data
Exogenous oil supply shocks
The measure of exogenous oil supply shocks used in the empirical analysis is based on monthly data on crude oil production by country provided by the U.S. Department of Energy, starting in January 1973. The approach can be summarized as follows: Any attempt to identify the timing and magnitude of an exogenous production shortfall requires explicit assumptions about the counterfactual path of oil production in the absence of the exogenous event in question.
For a given exogenous event, say a war in some OPEC country, the first step is to identify a group of oil producing countries that was subject to the same global macroeconomic conditions and same economic incentives as the war-stricken country, but whose production was not affected by the war. Which countries belong in the benchmark group must be decided on a caseby-case basis drawing on historical accounts and industry sources. The counterfactual production level for the country affected by the war is generated by extrapolating its pre-war production level based on the average growth rate of production in the benchmark countries. Table 2 summarizes the assumptions about the benchmark countries used in constructing the counterfactual.
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In the second step the exogenous production shortfall for each OPEC country is obtained by constructing the difference between actual crude oil production in that country and the counterfactual level of crude oil production at each point in time, resulting in one time series for each of the nine OPEC countries in Table 2 representing that country's exogenous shortfall of crude oil production. The aggregate measure of the exogenous crude oil production shortfall for 5 In constructing the counterfactual, I distinguish between changes in crude oil production that operate directly in response to the exogenous event in question (such as the temporary production increases in Saudi Arabia during the Persian Gulf War or the Iraqi production increase following the Iranian revolution) on the one hand and endogenous changes in crude oil production in response to higher oil prices on the other hand. The latter are treated as part of the propagation mechanism (and hence are captured by the impulse response estimates), whereas the former are explicitly incorporated into the counterfactual.
all of OPEC is obtained by summing these time series. Finally, the exogenous OPEC oil supply shock is constructed by normalizing that aggregate shortfall series as a percent of world crude oil production and taking first differences. This approach amounts to treating the exogenous OPEC production shortfall series as a random walk and is consistent with the lack of serial correlation in the differences. Figure 1 shows the exogenous OPEC oil supply shock series derived on the basis of Table 2 , suitably aggregated to quarterly frequency. Although the Department of Energy crude oil production data only begin in January of 1973, it is possible to extend the exogenous oil supply shock series back to January 1971, as shown in Figure 1 . We know from historical records that there were no exogenous events in 1971. I-1972 .IV that could have triggered an exogenous oil production shortfall, so the shortfall must have been zero.
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The major oil dates have been imposed in Figure 1 as vertical lines. As expected, the most important spikes in the series occur near those dates. Unlike existing quantitative dummy measures of exogenous oil supply shocks, the series in Figure 1 contains negative as well as positive shocks. This feature is essential in that many historical production shortfalls triggered by exogenous events have been at least partially reversed. Thus the corresponding change in the exogenous production shortfall should be characterized by an initial negative spike followed by one or more subsequent positive spikes. Only if the exogenous OPEC production shortfall were permanent would there be no positive realizations of the oil supply shock measure. As Figure 1 shows, virtually all exogenous shortfalls were followed by at least a partial reversal. Positive values of the oil shock measure also reflect the fact that wars in the Middle East may actually cause higher oil production over time, when the parties involved resort to oil exports to finance the war. Another key difference is that this new measure allows for repeated exogenous oil supply shocks of the same sign. A good example is the period following the Persian Gulf War.
The high volatility of the shock measure between 1980 and 1988 reflects the varying success with which Iran and Iraq were able to increase their crude oil exports to finance the IranIraq War. In contrast, the volatility of the shock measure in 1998-2002 is mainly due to the uneven enforcement of U.N. sanctions on Iraq that resulted in highly volatile Iraqi crude oil 6 While earlier exogenous events in OPEC countries could have had effects that extended into the 1971-1972 period in principle, that outcome does not seem plausible, as the only candidate would be the 1967 Six-Day War and the associated Arab oil embargo. Both events were short-lived and their effects on oil production were long over before 1971.
production after 1998, whereas Iraqi production had been virtually flat in the first years after the Persian Gulf War. For further discussion of the derivation of the series shown in Figure 1 the reader is referred to Kilian (2005) . used the quarter-on-quarter real GDP growth series provided on the website of U.K. National
Statistics, which unlike the IFS data is seasonally adjusted. The seasonally adjusted U.S. real GDP data were obtained from the Bureau of Economic Analysis. All rates have been annualized.
Testing the Specification of the Baseline Model
A central proposition of this paper is that t x is strictly exogenous in the sense described in section 2. Strict exogeneity involves two conditions: (1) Pre-determinedness of the oil supply shock series and (2) Granger-noncausality from macroeconomic aggregates to the oil supply shock series. While the second condition is testable, the first one is not. 7 The data are publicly available at http://www-personal.umich.edu/~lkilian/oilshock.txt.
Evidence of Granger causality from macroeconomic aggregates to the oil supply shock series would contradict the presumed exogeneity of that series. It is this Granger non-causality implication of strict exogeneity that is tested in Hamilton (1983) , when he makes the case for the exogeneity of nominal oil prices in the period up to 1972. Table 3 shows that with the exception of Germany the null of no Granger causality cannot be rejected at the 5 percent level for any country. The remaining p-values range from 12 percent to 71 percent. The p-value for Germany is 1 percent. This apparent evidence of predictability is highly implausible not only a priori, but also in that one would not expect predictability to hold for one country alone. Indeed, the highly significant rejection for Germany appears to be driven by the coincidence of German re-unification and the aftermath of the Persian Gulf War, despite the inclusion of suitable dummy variables. After restricting the German sample to the pre-unification period, the significance at the 5 percent level vanishes. The results for lagged CPI inflation are shown in the second column. All p-values range from 13 percent to 86 percent. Again after limiting the German sample to the preunification period, the German p-value rises sharply. These test results suggest that the data are consistent with the absence of feedback from inflation and real growth to the oil shock series, as required by strict exogeneity. Equation (4) in general allows for a contemporaneous effect from t x on . t z Table 4 formally tests the null that 0 γ = in equation (4). There is no evidence of a contemporaneous link from the exogenous oil supply shock to CPI inflation. No test result is significant at the 5 percent level. The p-values range from 10 percent to 63 percent, depending on the country. Similarly, for real GDP growth p-values generally range from 27 percent to 100 percent, suggesting that the contemporaneous regressor may be safely omitted from equations (1) and (2). The glaring exception in the latter case is the U.K. Again it seems implausible that a contemporaneous link would exist only for the U.K. and not for any other country. In the baseline results reported below I therefore impose 0 γ = for all regressions. 
Response Estimates by Country in the Baseline Model
This section contains a description of the baseline estimation results for each G7 country. All results are based on OLS estimates of models (1) and (2).
Real Growth and Inflation Responses in the Baseline Model
Given estimates of models (1) and (2) it is straightforward to assess the impact of an exogenous 1% reduction in global oil production by simulation. The dynamic responses to an exogenous 1 percent permanent reduction in crude oil production are shown in Figure 2 along with the corresponding responses of the levels of real GDP and of the CPI.
United States
The first column of Figure 2 shows a sharp reduction in U.S. real GDP growth between five and seven quarters after the shock that is significant at the 10% level. After cumulating the growth rate effects, I find a significant reduction of the level of real U.S.GDP in the second and third year following the shock at the 10% level. There also is a sharp increase in consumer price inflation three quarters after the shock (significant at the 10% level), but no significant effect on the level of consumer prices.
Italy
Italy as well experienced a significant temporary reduction in real GDP growth at the 10 percent significance level (between six and nine quarters after the shock), and again there is a significant reduction of the level of real GDP (between eight and twelve quarters after the shock) at the 10 percent significance level. At the same time, there is a significant spike in consumer price inflation four quarters after the shock, but no significant increase in the price level. These results are qualitatively similar to those for the United States.
France
The third column shows a significant reduction in French real GDP growth at the 10 percent level between seven and ten quarters after the exogenous oil supply disruption. The effect on the level of real GDP is significant at the 10 percent level starting eight quarters after the shock.
Exogenous oil supply disruptions also cause a sustained and significant increase in consumer price inflation that extends from the second to the fifth quarter following the shock, before inflation reverts to zero. This hump in the inflation response implies a significant increase in the level of consumer prices at horizons of three to nine quarters.
Germany
The German data pose special problems due to German re-unification in 1990.IV. It is not obvious how to account for the effects of this event on German inflation and real growth, since it coincided with the effects of the Persian Gulf War. I model the transition dynamics following reunification using dummies representing level shifts and slope shifts. Similar results were obtained under a number of alternative dummy specifications.
The baseline regressions for German real GDP growth account for a one-time increase in growth in 1991.I due to the re-definition of the German GDP series and allow for a change in the average growth rate after 1990.IV. The implied response of real growth is very similar to that obtained for data up to 1999.II only (excluding the re-unification period). In contrast, there is no evidence of a mean shift in inflation due to unification, but there is evidence of a temporary increase in inflation after 1990.IV. My baseline regression estimates include one level dummy each for 1991.I-IV intended to account for the inflationary pressures immediately following reunification. The shape of the resulting impulse response estimate is very similar to that of the response estimated on data up to 1990.II only, but the magnitude of the responses is somewhat lower than based on the pre-1990.II data. Adding dummies for the 1993.I VAT increase and the1994.I mineral oil tax increase, which arguably were related to the cost of financing unification and which coincided with sharp spikes in inflation, does not affect the results appreciably.
The baseline results for Germany are shown in the fourth column of Figure 2 . There is evidence of a temporary reduction in real GDP growth between the fourth and eight quarter, most of which is significant at the 10% level. Additional significant reductions in real growth at horizons ten and eleven are too small in magnitude to have much of an effect. The implied output response is significantly negative at the 10 percent level at horizons 7 through 12.
A clear anomaly of the German case is the implication of Figure 4 that an exogenous oil supply disruption causes a statistically significant increase in real GDP growth after one quarter (and a significant increase in real GDP for the first three quarters). It can be shown that this result is not driven by the fact that the 1990/91 oil crisis coincided with temporarily high German real growth driven by German re-unification. In fact, the same anomaly arises when I estimate the responses on German data up to 1990.II only (excluding the 1990.III oil crisis). Thus, this implausible result is likely to reflect a spurious sample correlation between economic expansions in Germany and exogenous oil supply disruptions. One would expect this correlation to vanish as the sample size increases. Apart from this anomaly, the German real growth and real GDP responses are qualitatively similar to those for Italy, France and the United States.
German CPI inflation shows a significant peak at horizons 2 through 4, similar to France, Italy and the United States, but that peak is followed by sustained increases in inflation from horizon 6 through 12 with additional peaks after 6 and 10 quarters. The level response shows a significant increase in consumer prices for all but the first quarter. This pattern is also unique in the sample of G7 countries. Again it can be shown that this result is robust to excluding the post 1990.II data.
United Kingdom
The analysis of the U.K. data is complicated by a possible structural break in the relationship between oil supply shocks and macroeconomic aggregates in the late 1970s, when U.K. domestic oil production gained momentum. Oil production data from the Department of Energy show that The fifth column of Figure 2 indicates a significant reduction in U.K. real GDP growth two, four, five, seven and eight quarters after the shock. Although the growth response appears somewhat erratic, it is broadly consistent with earlier results for other countries. There is a significant and persistent reduction in the level of real GDP starting two quarters after the shock.
CPI inflation spikes two quarters after the shock, followed by a secondary spike six quarters out.
Unlike in the German data, the two spikes are separated by periods of falling consumer prices, however, preventing a significant change to the price level.
Canada
The Canadian real growth response in the sixth column of Figure 2 shows the familiar pattern of a temporary reduction in growth at horizons of 4 to 9 quarters, accompanied by a significant reduction in real GDP in the second and third year after the shock. CPI inflation shows a significant increase in the first two quarters, a pattern unique to Canada, and another significant peak after six quarters. With the exception of the first three quarters, the increase in the price level is not significant at the 10% level.
Japan
The last column of Figure 2 shows that apart from a drop six quarters after the shock, the response of Japanese real growth to exogenous oil supply disruptions is not significant nor is there a significant effect on the level of real GDP. The inflation response is continuously positive for the first seven quarters, but only the first quarter response is significantly positive at the 10% level. Given the apparent imprecision of the estimate, it is unclear whether there are multiple peaks or just one hump as in the case of France. For the remaining quarters the response is mostly negative. The implied increase in the level of consumer prices is marginally significant at the 10 percent level for the first six quarters.
Quantifying the Stagflationary Effects in the Baseline Model
A popular notion is that exogenous oil supply shocks can be held responsible for triggering stagflation, defined as the coincidence of rising price levels and falling output. Germany are concentrated in the second year after the shock. While these estimates are significant at the 10 percent level, much of that significance vanishes at the 5 percent level. Only the estimates at horizon 6 and beyond horizon 10 remain marginally significant.
An Alternative Regression Approach
All results so far were based on the baseline model represented by equations (1) and (2). An alternative model specification that allows consistent OLS estimation of the dynamic effects of exogenous oil supply disruptions is: not impose the Granger non-causality restriction. Since that restriction is not rejected by the data, as shown earlier, this generalization is of limited value. More importantly, however, equation (5) also relaxes the assumption that the data are well approximated by a linear VAR representation.
Thus, it is of some interest to compare the response estimates from the alternative regression models (5) and (6) to the estimates from the more tightly parameterized baseline models (1) and (2). In the alternative regression model the impulse response coefficients at horizon h correspond to h φ and h ψ , respectively. Thus, the number of lags is determined by the maximum horizon of the impulse response function, which is set to 12 quarters to maintain consistency with Figure 2 .
As in the baseline model there is no instantaneous feedback from t x to inflation and real growth.
In conducting inference on these response estimates, the presence of serial correlation in the error term requires the use of suitable robust standard errors and bootstrap methods. Figure 4 shows the response estimates obtained from the alternative model in equations (5) responses are marginally significant.
Response Estimates in the Alternative Model
Model Selection Results
The evidence in Figure 4 suggests that for real GDP growth and real GDP levels it makes little difference whether we use the baseline model or the alternative model; for CPI inflation (and more importantly for the consumer price level) there are some differences, in contrast, although none that could not be explained by sampling uncertainty. This makes it important to compare formally the fit of these two models.
As shown by Sin and White (1996) suitable information criteria will choose the best approximating model among a set of candidate models with probability one asymptotically.
Given that both of our models contain exactly the same number of parameters, their ranking by the prediction mean squared error is identical to the ranking according to any information criterion. Table 5 shows that for real GDP growth neither model fits the data better for all countries. Since the empirical results for real GDP growth are very similar in any case, this means that for real GDP growth we can focus on the baseline model without loss of generality.
For CPI inflation, in sharp contrast, for all seven countries the baseline model fits the data better than the alternative model. The improvement in fit can be substantial. In some cases, the prediction mean-squared error of the alternative model is more than four times as large as for the baseline model. Thus, to the extent that there are any differences in the results for CPI inflation, the formal model selection criteria in Table 5 establish conclusively that the baseline regression which imposes additional structure on the data has more statistical support. In the remainder of this paper, I thus will focus on the results from the baseline regression.
Counterfactual Simulations in the Baseline Model
There is a tendency to think of exogenous oil supply shocks as one-time adverse oil supply shocks. This approach is implicit in the impulse response analysis provided so far. Such response estimates also postulate that the initial shock is never reversed. Effectively, this amounts to postulating a permanent shortfall of crude oil production. These assumptions are not realistic. As noted earlier, historically, exogenous production shortfalls have tended to be temporary. In that case, by construction, negative shocks to oil production are followed by positive shocks. In assessing the overall impact of the exogenous oil supply shocks associated with a given event such as the Iranian Revolution or the Persian Gulf War, it therefore is essential to go beyond dynamic multipliers and to conduct a counterfactual historical simulation that takes account of the cumulative effect of the full sequence of exogenous oil supply shocks associated with a given historical event.
Such historical decompositions can be constructed from the baseline model by simulating counterfactual data from the estimates of equations (1) 
Comparing the Effects of Exogenous Oil Supply Shocks Across Countries and Time
Tables 6a and 6b characterize the aftermath of each of the exogenous events shown in Table 1 . 
Real GDP Growth
There is a presumption that periods following exogenous oil supply shocks tend to be characterized by unusually low real growth. Table 6a shows that this is true for the aftermath of the 1973/74 shock and -with the exception of Japan -for the 1980 shock. It also is true for the 1990 shock, abstracting from Germany which was subject to the effects of German re-unification at the time. On the other hand, after the 1978/79 and 2002/03 shocks three of seven countries were able to maintain average or above average real growth rates. In 1978/79 these countries were Italy, Germany and Japan; in 2002/03 they were the United States, the U.K. and Japan.
There also is a presumption that the observed unusually low real growth may be attributed to the effects of the preceding exogenous oil supply shocks. As expected, Table 6a shows that the estimated effect of exogenous oil supply shocks on real growth is negative in each instance. There are, however, important differences across episodes and countries that become readily apparent in Figure 6a . For example, in all countries that experienced distinctly below average growth after the 1973/74 shock, the effects of the exogenous oil supply shock appear negligible.
For the 1978/79 shock there is some evidence in Figure 6a that the exogenous oil supply shock contributed to a small extent to fluctuations in real growth in the United States and the United Kingdom, but for most countries the contribution is again negligible. Stronger evidence is obtained for the 1980 oil shock. Especially for the United States, the oil shock contributed to the decline in real growth in 1982, although the effect is mainly limited to one quarter in 1982.
Similarly, this shock contributed to lower Canadian real growth in late 1981 and in 1982 and to lower U.K. growth in 1981 and early 1982. The evidence is strongest for Germany, where the effect of the oil shock seems to account for most of the growth fluctuations during 1980.IV-1983.I. There also is some apparent effect in the Italian and French data, but hardly any for Japan.
Exogenous oil supply shocks also seem to matter in the period after the 1990 shock, although this effect does not explain the immediate drop in real growth during late 1990 and early 1991 observed in all countries but Germany (for the reasons alluded to above) and Japan.
Rather, the cumulative effect of exogenous oil supply shocks on real growth makes itself felt mainly in 1992 and 1993. Finally, following the 2002/03 shocks, there is hardly any evidence of a reduction in real growth being caused by exogenous oil supply shocks.
CPI Inflation
There is a similar presumption that periods following exogenous oil supply shocks are periods of abnormally high inflation. Table 6b suggests otherwise. While the shocks of 1973/74 and 1978/79 and -with the exception of Japan -that of 1980 are indeed followed by unusually high CPI inflation rates, disregarding the unique case of Germany in the early 1990s, the more recent shocks are followed by below average inflation rates. Table 6b also shows that the average contribution of exogenous oil supply shocks to the inflation rate tends to be small or negligible.
This evidence is particularly striking for the first two shock episodes. These observations cast serious doubt on the view that exogenous oil supply shocks are responsible for the sustained inflation of the 1970s and early 1980s. 
Further Evidence on the Transmission of Exogenous Oil Supply Disruptions
While evidence on inflation and output responses is central to assessing the effects of exogenous oil supply disruptions, there are other variables that one would expect to play a key role in the transmission of these shocks. In this section, I focus on the responses of the real wage (defined as hourly earnings deflated by the CPI), short-term interest rates and nominal dollar exchange rates.
For a precise definition of these variables the reader is referred to the comparative tables provided in the OECD Main Economic Indicators. All results are based on the baseline model.
1. Responses of Real Wages, Interest Rates and Exchange Rates by Country
A potentially important channel of the transmission of exogenous oil supply shocks is based on the notion of real wage rigidities (see Bruno and Sachs 1982, 1985) . A downwardly rigid real wage (for example as a result of pressure from labor unions) would amplify the effects of exogenous oil supply shocks on real GDP. Although this explanation is popular, its empirical support is scant. The available evidence for the United States suggests that more likely than not real wages fell following the oil shocks of the 1970s, although that evidence is based on different methodologies from the approach used in this paper (see, e.g., Rotemberg and Woodford 1996) .
Even less is known about the response of real wages to exogenous oil supply shocks in other G7
countries, although the real wage rigidity hypothesis when first introduced seemed particularly suitable to explaining the poor economic performance of European economies following the oil supply shocks of the 1970s and early 1980s.
The first panel of Figure 7 provides a comprehensive comparison of the real wage responses by country. It shows that for five of the G7 countries exogenous oil supply disruptions cause a decline in real wages. These include the United States, France, Germany, the U.K. and Japan. The decline is usually significant at least at some horizons. For the United States the rejections are only marginally significant at the 10 percent level. For other countries such as Germany, Japan or the U.K. the rejections are more decisive. For the remaining G7 countries, Italy and Canada, point estimates show a slight increase in the real wage, but, especially for Italy, the confidence intervals are unusually wide, and the positive responses are highly insignificant for both countries. Overall, the point estimates suggest clear evidence of falling real wages for most countries in response to exogenous oil supply disruptions, although the confidence bands in most cases are also consistent with a return to the original real wage after three years. Only for Japan is the decline in real wages statistically significant at the 10 percent level even after three years. Thus, despite evidence for at least a temporary decline of real wages in many countries, we are unable to rule out the real wage rigidity hypothesis at conventional significance levels.
A second potential channel of transmission is an increase in short-term interest rates in response to exogenous oil supply disruptions, as would be consistent with a monetary tightening in anticipation of future inflation (see, e.g., Bernanke, Gertler and Watson 1997). The second panel of Figure 7 shows that the oil-importing European countries tend to experience a sustained and significant rise in short-term interest rates in response to exogenous oil supply disruptions, whereas Japanese interest rates essentially do not respond. In contrast, in the United States and Canada exogenous oil supply shocks are followed by a temporary rise in interest rates. Taking account of sampling uncertainty the differences between the U.S. and Canada on the one hand and continental Europe on the other are not as pronounced, however. The latter intervals are also consistent with a temporary interest rate increase in Italy, France and Germany. The response for the U.K. is somewhat erratic, but shows no evidence of an increase in short-term interest rates.
Finally, the last panel of Figure 7 investigates the responses of the six nominal dollar exchange rates. The currencies of non-oil producing G7 countries significantly depreciated against the dollar in response to exogenous oil supply disruptions. In contrast, the depreciation of the British pound is smaller and typically insignificant. The Canadian dollar even appreciates slightly in the short run in response to an exogenous oil supply disruption, the latter result being marginally significant at the 10 percent level, although it depreciates insignificantly in the long run. While these estimates seem to suggest that the dollar exchange rates of non-oil producing G7 countries depreciate more in response to exogenous oil supply disruptions than the currencies of oil producers such as the U.K. and Canada, formal statistical tests in section 8 do not reject the null of equal responses for these countries.
A comparison of Figures 2 and 7 suggests that differences in these responses alone cannot explain the differences in inflation and output responses across countries in Figure 2 , although it is noteworthy that Japan, which shows essentially no short-term interest rate response in Figure 7 and a response of real wages and nominal exchange rates similar to other countries, also experiences a much smaller real GDP growth response than other countries.
2. Responses of Deflator Inflation by Country
While the CPI is commonly used as a measure of the price level, it is not the most natural choice for measuring the price level in relation to real GDP. This subsection therefore presents additional results based on the implicit GDP deflator, as available in the OECD Main Economic
Indicators. The first panel of Figure 8 shows the responses of deflator inflation to an exogenous oil supply disruption. In contrast to the result for CPI inflation in Figure 3 , the response of U.S.
deflator inflation in Figure 8 shows no spike after three quarters. More generally, with the exception of the estimate for Italy, deflator inflation responses are more muted and less significant than the corresponding responses of CPI inflation. The same applies to the deflator responses in the second panel. This finding is consistent with the view that exogenous oil supply shocks, to the extent that they work through oil prices, would be more directly reflected in gross output measures such as the CPI than in the price of value added (see Barsky and Kilian 2004) .
For completeness the third panel of Figure 8 shows the stagflationary effects of a 1 percent exogenous oil supply disruption when stagflation is defined in terms of the implicit GDP deflator rather than CPI. The results shown are qualitatively similar to the results in Figure 3 in that only for Germany is there marginally significant evidence of stagflation.
Are All G7 Responses Alike?
Although the sample available for this study is small, there is a fair degree of similarity in the real growth responses across G7 countries (see Figure 2) . In all G7 countries but Japan there is significant evidence that an exogenous oil supply disruption causes a decline in real growth. This effect with the exception of the U.K. is delayed until at least the fourth quarter after the shock.
With the exception of Germany and France there are no significant reductions in real growth after the ninth quarter. Moreover, only in one of seven countries is there significant evidence that exogenous oil supply disruptions cause a reduction of real GDP within the first year following the shock. In contrast, in five of the seven countries exogenous oil supply disruptions cause a significant reduction in real GDP in the second and third year following the shock.
Turning to CPI inflation, there is some heterogeneity among G7 countries in that in the United States and Italy exogenous oil supply disruptions tend to cause sharp spikes in CPI inflation, in France the response is hump-shaped, and in Canada, the U.K., Germany (and to a much lesser extent Japan) the responses are characterized by repeated spikes. There also is evidence of a significant increase in the German CPI level three years after the shock. For the United States and the U.K. the price level three years after the oil supply disruption is no higher than before the shock. For all other countries the price level rises as a consequence of the disruption, but not significantly so.
Median Responses in the Baseline Model
One way of summarizing these data is to focus on the median peak of CPI inflation responses and median trough of the responses of real GDP in the G7 countries. This avoids imposing the strong assumption that all G7 responses are the same, an assumption that will be formally tested in section 8.3. The upper panel of Table 7 suggests that exogenous oil supply disruptions cause a trough in G7 real growth 7 quarters after the shock. The median magnitude of the trough caused by a 10% reduction in world oil supplies is -1.7%. Real GDP reaches a trough about 11 quarters after the shock. The median cumulative effect on real GDP is -5.9%. The lower panel shows that the median inflation peak comes three quarters after the exogenous oil supply disruption with a median magnitude of 1.25%. The CPI level peaks after 7 quarters with a median cumulative effect of about 4%.
I also report separate results for the four European G7 countries to address the question of whether there are important differences in the European experience compared to the United States, Canada and Japan. The timing and magnitude of the growth and output responses is very similar. For the inflation responses as well the differences are small. For price level responses, in contrast, the data seem to suggest a median of 9.5 quarters lag for the peak response for the European G7 countries, compared with only 7 quarters for the G7. Upon inspection, this result is driven by the French CPI response which exhibits a primary (statistically insignificant) peak of magnitude 4.09 after 12 quarters, as well as a secondary, but statistically significant peak of magnitude 4.07 after 6 quarters. If we focus on the secondary peak instead of the primary peak, the median delay shrinks from 9.5 to 6.5, very close to the G7 median peak time, with virtually no change in the median cumulative effect. These results suggest that there is no systematic difference in the qualitative features of the responses.
As mentioned earlier, the U.K. responses, while still similar to the baseline case, change somewhat when the sample is reduced to the post 1978.III period, effectively eliminating the 1973/74 oil shock episode from the sample. I therefore present additional results in which these alternative U.K. results have been substituted for the baseline results. Table 7 shows that this substitution somewhat lowers the estimated median impact of exogenous oil supply disruptions on real growth and inflation, but otherwise the median results are quite similar.
Which Countries are Affected the Most by Exogenous Oil Supply Shocks?
While the evidence of a temporary reduction in real GDP growth is consistent across all G7 countries, the inflationary consequences of an oil supply shock are less clear-cut. An important lesson from the impulse analysis is that it is possible for countries to fare comparatively well when faced with exogenous oil supply shocks. For example, in the United States exogenous oil supply disruptions tend to cause only a brief spike in CPI inflation after 3 quarters rather than a sustained increase in CPI inflation. Qualitatively similar results hold for Italy with a spike after 4 quarters and to a lesser extent for France, which experiences a hump in CPI inflation from the second through the fifth quarter. This evidence contrasts with the pattern of repeated spikes in CPI inflation responses found in German data, and to a lesser extent Canadian, Japanese and U.K data. Only for Germany is there some evidence of sustained inflation being caused by exogenous oil supply shocks. This pattern is also reflected in the estimated cumulative effect on the price level after three years. Whereas the cumulative effect for the United States and the United Kingdom is negative (although not significantly so), Italy (2.69), Japan (2.63), Canada (4.38) and France (4.09) experienced moderate price level increases after three years. None of those increases is statistically significant. The only G7 country with a significant long-run increase in consumer prices is Germany (8.03).
Similarly, the estimated cumulative output responses after three years suggest that countries such as Italy (-3.80), France (-3.45) and Japan (-2.82) suffer less severe reductions in real GDP growth due to exogenous oil supply disruptions than the U.K. (-7.87), Canada (-7.60), Germany (-5.93), or the United States (-6.21 ). This pattern is further evidence that policy responses and institutional characteristics may matter in dealing with exogenous oil supply shocks.
How similar are the Response Patterns across G7 Countries?
While there are clear patterns in the response estimates, it is not clear whether the apparent differences in impulse responses are also statistically significant. It is possible to test formally the equality of these response estimates. I start with a joint test of the equality of the impulse response coefficients across all G7 countries. Table 8 shows the results for each macroeconomic
aggregate. The first row shows that for all six variables considered in this paper, the hypothesis of equal responses in all G7 countries is strongly rejected with p-values between 1 and 4 percent.
Of particular interest is the question of how much of that result is due to the impact of one of the three largest G7 countries: the United States, Japan and Germany. This question may be assessed by observing the change in p-values, as these countries are dropped from the sample one at a time. There is some evidence in Table 8 that for real GDP both Germany and to a lesser extent the United States contribute to the lack of homogeneity. Likewise Japan appears to be partially responsible for the lack of homogeneity in the short-term interest rates responses. Yet overall the evidence of non-homogeneity is quite resilient.
Next consider the subset of European G7 countries. Here none of the equality tests reject at the 10 percent level, suggesting a greater degree of homogeneity than for the set of all G7
countries. Excluding Germany from this group does not raise the p-value for all variables. In fact, the equality of the real wage responses now is rejected at the 10 percent level. One might suspect that the inclusion of the U.K., as the only European oil producer, may have contaminated these results, but focusing on the continental European G7 countries does not systematically raise the p-values, whether Germany is excluded or not.
Alternatively, one may break down the G7 economies along the lines of oil-producers (United States, Canada, U.K.) and non-oil producers. Both groups are relatively homogeneous in that in neither case the homogeneity null can be rejected at the 5 percent level, but in both cases there is at least one rejection at the 10 percent level. The most homogeneous results are obtained for the set of non-oil producing G7 countries excluding Germany, for which the lowest p-value is 18 percent. While the results in Table 9 are instructive, it is important to keep in mind that such tests may be unduly restrictive in that impulse responses can be qualitatively similar across countries, yet not numerically equal. In particular, a rejection of the equality null would still be consistent with the responses being qualitatively similar as measured by statistics such as the timing or magnitude of response peaks or troughs. In this sense, the results in section 8.3 are complementary to those presented in section 8.2.
Conclusion
Building on recent work in Kilian (2005) , this study estimated and compared the effects of exogenous shocks to global oil production on inflation and real output in major industrialized countries. The analysis in this paper is subject to two important caveats. One is that I have While nonlinearities are not obviously required in modeling the effects of exogenous oil supply shocks, this does not mean that they could not exist. Clearly, equations (1) and (2) will not capture any higher-order effects of exogenous oil supply shocks and only provide a linear approximation to the true effects. Under certain conditions, the true effects may be larger (or smaller) than my estimates suggest. Specifically, there are reasons to suspect that the effects of exogenous oil supply disruptions may be amplified by a number of factors including the strength of the world business cycle, the presence of capacity constraints in crude oil production, high cost shares of energy in production, and high oil price volatility. A detailed investigation of the specific forms of nonlinearity that might affect the relationship of exogenous oil supply disruptions, while interesting in its own right, is left for future research.
A second caveat is that this study has followed Hamilton (2003) in focusing on observable changes in crude oil production. The approach of Kilian (2005) (see Kilian (2005) for a more detailed analysis of this episode). Those fears about future oil supplies never materialized. As Saudi oil supplies never were disrupted, the production-based measure of the exogenous oil supply shocks appropriately does not incorporate this effect. This does not mean that exogenous shocks to the demand for oil (as reflected in the real price of oil)
were not important for the G7 economies. Thus, an important topic for future research will be the measurement of exogenous expectation shifts in the crude oil market. NOTES: The prediction mean square error ranking coincides with the ranking by any consistent information criterion since the number of regressors is the same for both models.
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